T he placement of limb lead electrodes on the torso is often used for continuous 12-lead electrocardiographic (ECG) monitoring, and during exercise stress testing to permit mobility. [1] [2] [3] The Mason-Likar (M-L) ECG lead adaptation for stress testing relocated the wrist electrodes to the medial border of deltoid, 2 cm below the lower border of the clavicle in the right and left infra-clavicular fossae, and the left leg electrode to the anterior axillary line midway between the iliac crest and the costal margin. Using a similar modification for resting 12-lead electrocardiography was suggested by Takuma et al in 1994, 4 to permit easier application in an emergency. Limb leads were relocated to the anterior acromial region and anterior superior iliac spines bilaterally and seemed to have little overall effect on the ECG. Any changes that did occur were said to be within clinically permissible ranges. While routine use was not recommended, the appeal of this easily applied lead system has resulted in extensive use in our hospital, both in emergency and non-emergency situations. We therefore wished to test the validity of this modification in routine everyday use, as sequential ECGs were being acquired in the same patient sometimes using limb leads, and sometimes using the modified lead protocol.
METHODS
Two sequential 12-lead ECGs were carried out on adult patients on medical and surgical wards during routine electrocardiography over a four week period. ECGs were recorded in the supine position using the same Hewlett-Packard 200i Pagewriter machine and bio-adhesive diagnostic ECG skin electrodes (Biotabs, MSB Ltd, UK). One recording was made using standard limb lead placement, and the second using the modified Takuma electrode positions. Chest lead placement remained standard. The 12-lead ECGs were recorded in automatic mode, with waveform analysis being assessed by the integral analysis programme. To prevent variability of electrode placement and methodology, one cardiac technician (AC) carried out all ECG recordings. The standard ECG recordings were subsequently separated into those that were normal and those that were abnormal. Fifty paired ECGs were then taken from each group at random for analysis. Box 1 shows the patient characteristics. P, T, and QRS axes were calculated automatically by the ECG software and the computer analysis report was noted. The ECGs were also visually inspected (by NIJ) to check the computer analysis, and for clinically important changes without knowledge of the method of acquisition.
RESULTS

Quality of the tracing
Movement artefact in the standard leads occurred in 43 patients during limb electrode recording. This did not occur in any patient with modified electrode placement.
Changes in the waveform frontal plane axis (table 1)
In comparison with the standard ECG, modified limb lead placement resulted in an average frontal plane QRS right axis shift of 26.94˚in those with normal resting ECGs, and in 21.15˚in those with abnormal resting ECGs (right axis deviation). However, there was considerable individual variation in the extent of this shift, being more pronounced in those who had an abnormal initial ECG. Similar wide variation of the P and T wave axis was also seen. Consequent to this change in axis, there was reduction in the R wave amplitude in leads I and aVL with increased R wave amplitude in the inferior leads (II, III, and aVF). Any inferior Q waves became less prominent, and sometimes insignificant. S wave 
amplitude increased in leads II and aVF and decreased in III. P and T wave amplitude changes mainly mirrored those seen in R wave amplitude. T waves became flattened or bi-phasic in aVL. Where apparent, ST slope increased in the inferior leads, and decreased in aVL, changes suggesting acute inferior injury.
Changes in the chest leads
Although the central terminal should have an altered potential, there seemed to be little changes in the chest (V) lead recordings, but where apparent, there was a decrease in the R waves in V1-2 and the S waves in V5-6. Resultant QS patterns in V1-V2 in 4 cases suggested anterior infarction.
Computer diagnosis
Eighteen ECGs had a computer reported abnormality with the modified ECG leads when the standard ECG was normal. In those with abnormal standard ECGs, there was diagnostic agreement in 25 of the 50 paired ECGs. However, moving the limb leads to the torso changed the baseline ECG to make eight possible myocardial infarcts appear (four anterior, three inferior, one lateral), and five inferior infarcts disappeared. Examples are shown in figures 1 and 2. Other consequences were loss of inferior and lateral T wave changes (2) and development of infero-lateral T wave changes (5). Three patients developed abnormal right axis deviation (.+105˚). Two patients with left axis deviation (.230˚) produced a normal ECG when torso leads were used.
DISCUSSION
Precise recording of the standard 12-lead ECG is technically exacting and time consuming. Placing limb leads on the torso has the major advantages of ease and speed of application, and in an emergency may be applied with minimal undressing. Limb movement artefact is also reduced, or prevented as seen in our series. It has been asserted that ECGs obtained with torso electrodes are interchangeable with standard ECGs and any minor variations do not affect diagnostic interpretation. [1] [2] [3] This was not true in our patients, where 18 normal people would develop what Marriott termed ''heart disease of electrocardiographic origin''. 6 Such abnormalities may generate unnecessary investigation and worry. We found that limb lead modification produced important amplitude and waveform changes associated with a more vertical and rightward shift of the QRS frontal axis, Figure 2 Lateral myocardial infarction appears on moving limb leads from legs to torso.
particularly in those with abnormal standard ECGs. Other investigators have noted similar ECG distortions when limb leads are repositioned on the body, 7-8 although modifications of the limb leads in these studies were not uniform. This is important, because placing of the left ankle electrode on different parts of the torso can result in very different ECG patterns, all of which may be at variance from the standard ECG. 9 Mason and Likar believed that the left leg electrode could be ''varied by a few centimetres in any direction without significant effect on the ECG''. 1 However, the M-L modification has been found to create right axis shifts of up to 60˚, producing or obscuring evidence of previous infarction. 8 An average right axis deviation of 48˚was noted when the leg electrodes were placed much closer to the heart (above the right and left sub-costal regions), a modification that could also make posterior and inferior infarcts disappear, and lateral infarcts appear. 10 Least interference seems to result when the modified left leg electrode is placed close to the anterior superior iliac spine, 4 7 9 although our finding of a mean right axis change of 24˚is greater than in other reports. Different study groups and interpersonal variation may explain such inconsistencies. For example, increasing age and obesity may associate with a change in axis to the left. Any rightward shift caused by torso leads may return it to within normal limits. Takuma 4 recorded the two ECGs simultaneously to allow for differences caused by respiration, but it is unlikely that this is a major confounder. While the amplitude of the Q wave in lead III may be reduced by deep inspiration, this is not a usual consideration in routine electrocardiography.
The basis for Einthoven's (equilateral) triangle was positioning the electrodes of the three standard leads as far away from the heart as possible to ensure equidistance of the recording points, although according to the only specific reference to standard limb lead placement we could find:
''the (limb) electrodes may be placed on any part of the arms or the left leg as long as they are below the shoulders in the former and below the inguinal fold anteriorly and the gluteal fold posteriorly in the latter. Any other placement necessary by deformed or missing extremities must be noted on the record.'' 11 We suggest that any modification of electrode placement must be reported on the ECG itself, regardless of the reason, as any adaptation may modify the tracing and could result in misinterpretation. All ECGs should be acquired using the standard lead positions unless there are exceptional circumstances. Marking the ECG ''torso-positioned limb leads'' or ''non-standard'' should alert the clinician to its limitations for clinical or investigative purposes. However, the precise positioning of the electrodes should also be noted, as each modification will produce its own unique recording pattern, making comparisons between variants as prone to error as comparisons with the standard ECG. 
